Chemical weapons have been used repeatedly in the history of mankind in a number of wars and terrorist acts. They have caused major damage to human health and taken many lives. Instead of chemical weapons, various simulants -compounds with a similar action of these weapons, but without such high toxicity for human health -could be used for developing antidotes to specific chemicals, doing research on detecting them, developing sorbents for gas masks, military exercises, etc. The purpose of this report is to examine the possibilities of using chemical weapons through their simulants which resemble their toxic effects.
INTRODUCTION
Chemical weapons have been repeatedly used in human history. They have damaged the health or killed many people. They pose a serious threat to the environment.
In many cases, instead of using real warfare agents, simulants can be used, especially in scientific research on the mechanisms of toxic action; in the process of developing antidotes; when experimenting on and studying their resorption through the skin; when developing means of protection, decontamination solutions and lotions; when studying the process of degradation of real warfare agents; when developing means and methods of detection; when carrying out military training, etc. Warfare agent simulants have very similar manifestation of a particular real warfare agent but, at the same time, pose lower risk to researchers, military staff and civilians. Their toxicity is lower and by rule, they are not that easily absorbed through the skin. The team of authors has a rich experience in using simulants when researching the process of chemical warfare agents sorption in gas mask sorbents and in the eventual development of new sorbents.
The purpose of this paper is to present ways of using chemical warfare simulants, mimicking the toxic action of real warfare agents but much less dangerous for the people involved.
Presentation
During the 1930s Strader's group carried out experiments on the toxic action of tabun, sarin, and soman with the purpose of using these chemical compounds as herbicides and insecticides for agricultural protection (1) . An accident occurred and caused them severe intoxication. That incident gave clear indication of their potential as chemical warfare agents. In the years to come, they have repeatedly been used killing many people. These chemical compounds irreversibly inhibit acetylcholine esterase, an enzyme which acts in the mechanism of neural impulse transfer to the synapses. A similar action mechanism is observed in the later developed V-gases and the so called "novichki" nerve agents. Zelinski experienced quite the same case of intoxication when researching and experimenting with sulfur mustard (mustard gas) (2 
cytosolic fraction are also observed. The activation of these enzymes can be attributed to the high toxicity of these nerve agents (5).
Atropinised rats were intoxicated with a dose of soman, 6 or 8 times LD 50 and after that treated with oxym HI-6, a few hours after intoxication. Oral or intravenous application of pinacolyl dimethylphosphinate (PDP), a soman simulator, introduced at gradually increasing intervals, before intoxication with soman, obviously turns out to be very active in HI-6-induced recovery. Therapeutically, PDP is active only when introduced immediately after soman intoxication and treatment with oxym (6).
When laboratory rats are intoxicated with high doses of soman, (5-8 X LD 50 ), that chemical compound is stored in temporary "depot", from where it is gradually released. In this way, no matter that the rats have been treated with reactivatorHIM-6 and atropine, the soman released from the depot re-intoxicates the organism so that death can occur in a few hours. Soman simulators, i.e. non-toxic structural analogues of soman have been synthesized. They are capable of preventing death in rats intoxicated with soman by modifying the process of storing and releasing soman from that depot. Earlier experiments showed that preventive treatment with the simulator pinacolyl dimethyl phosphinate (PDP), combined with HI-6 and atropine decreases the toxic effect of soman. Apart from that the rats were found to be of good overall condition as regards their health condition and neural functions. Quantitative experiments on the rats' behaviour were also carried out. A microprocessor system was used to measure the coordination behavior of rats. Residuous effects on the behavior of laboratory rats, after successful treatment were assessed. Animals treated with atropine sulphate (25 mg/kg, intraperitoneal application), soman (5 X LD 50 , intravenous application), HI-6 (56 mg/kg, intravenous application) and soman simulator PDP, were compared with animals treated with the same substances but without PDP (7).
Soman simulators have been synthesized. The pinacolyl group in their structure has been changed, the phospholine oxygen has been substituted with sulfur, or the phosphorus combined methyl groups have been substituted with ethyl or methoxy groups. All these chemical compounds have been synthesized with the aim of investigating their capacity of diminishing the harmful effects of soman intoxication by means of oxyms (8) .
All three chemical warfare agents of soman, paraoxon and phosphocholine cauce holinergic symptoms, inducing progressive dose dependent necrosis of the skeletal muscle fibres of laboratory rats. The severity of myopathy depends on the critical decrease of the activity and the duration of acetylcholine esterase inhibition (AChE) (9) .
Chemical nerve agents can cause seizures, status epilepticus, brain leisures. Paraoxon has been successfully used as a simulant of warfare agents in this respect, as well as in the search for new therapeutic strategies for diminishing the toxic effects of such nerve agents (10) .
The thermochemical models CBS-QB3 и G4 have been used for collecting energy and structural data about a multitude of molecules with three and five valence phosphorus atoms, which can be used as simulants of chemical warfare agents. Comparison between the calculated and previously suggested vibration frequencies and the energy of connection dissociation was made (11) .
The organophosphorus insecticide demeton-Smethyl (DSM) is considered a good substitute of the highly toxic nerve agent VX for the purpose of investigating its absorption through the skin due to their similar physical and chemical properties and their in vitro percute way of penetration (12).
An research team have tested 14 nerve agents, which emulate the toxic effects of tabun, sarin, soman and cyclosarin. They were revealed to be suitable substitutes for real nerve agents. They form co-valence adducts with human butirylcholine esterase, which is exactly what happens when real warfare agents are used (13).
CONCLUSION
In many cases regarding scientific research on the toxic effects of chemical warfare agents, simulants can be used. This does not affect the quality of the investigation but substantially reduces the risk of accidents and provide safe environment for the researchers involved. 
